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WKHRSHUDWLRQVFRXOGEHSDUDOOHOL]HG)3*$FLUFXLWEDVHGQHXURIX]]\ LPSOHPHQWDWLRQVDUHSUHVHQWHG LQ>@ >@ >@
ZRUNV:LWKSDUDOOHOL]HGRSHUDWLRQVFDQEHDFKLHYHGIDVWHQRXJKRXWSXWFDOFXODWLRQWRRSHUDWHWKHFLUFXLWLQUHDOWLPH
,QRXUSURMHFWZHXVHGD=\QTW\SH6R&LQWHJUDWHGFLUFXLWZKLFKDORQJVLGHWKHSURJUDPPDEOHORJLFDOVRFRQWDLQVD
SRZHUIXOGXDOFRUH$50SURFHVVRU ,QRXUSURMHFWEHFDXVH LW LVD IXOOSK\VLFDOV\VWHPZLWKVHQVRUVFRQWUROXQLW
FRPPXQLFDWLRQ PRGXOHV DQG DFWXDWRUV ZH DUH GLVWULEXWLQJ WKH WDVNV EHWZHHQ GLIIHUHQW PRGXOHV 7KHUH DUH
FRPPXQLFDWLRQLQWHUIDFHVIRUWKHVHQVRUVDQGIRUWKH5)FRPPXQLFDWLRQPRGXOHWKHUHLVD3:0VLJQDOJHQHUDWRU
PRGXOH%5$0PHPRU\ FRQWUROOHUV DQGPHPRU\ EORFNV DQG WKH$1),6 FRQWUROOHU EORFN DOO WKHVH LPSOHPHQWHG
LQWRWKHSURJUDPPDEOHORJLFRIWKH=\QT6R&LQWHJUDWHGFLUFXLW2QWKHRWKHUKDQGRQWKH$50KDUGSURFHVVRULV
UXQQLQJ WKH VRIWZDUH WKDW FRQWUROV DOO WKHVH PRGXOHV DQG DOVR LQ WKH SURFHVVRUV SURJUDP LW¶V LPSOHPHQWHG WKH
WUDLQLQJ DOJRULWKPRI WKH$1),6 FRQWUROOHU 7KHPRGXOHV LPSOHPHQWHG LQ WKH SURJUDPPDEOH ORJLF FDQ RSHUDWH LQ
SDUDOOHOZKLOH WKH VRIWZDUH UXQQLQJ RQ WKH$50SURFHVVRU LV H[HFXWHG VHTXHQWLDOO\ EXW LQ DPXFK KLJKHU FORFN
IUHTXHQF\7KLV VWUDWHJ\ZDV DOVRXVHG LQ WKH >@ZRUNZKHUHD3:0$1),6 3LHFHZLVH0XOWLOLQHDU±$GDSWLYH
1HXUR)X]]\,QIHUHQFH6\VWHPLVXVHGZLWKWKHFRQWUROOHUSDUWLPSOHPHQWHGLQWKHSURJUDPPDEOHORJLFRIDQ$OWHUD
6R&DQGWKHWUDLQLQJDOJRULWKPLVUXQQLQJRQWKHKDUGSURFHVVRU
+DUGZDUHDUFKLWHFWXUHRIWKHV\VWHP
7KH SXUSRVH RI EXLOGLQJ WKHPHFKDQLVP XVHG LQ WKLV ZRUNZDV WRPDNH D VXLWDEOH WHVW EHQFK IRU DQ RQJRLQJ
SURMHFWZKLFKLVDQDXWRQRPRXVTXDGFRSWHUW\SH8$96RPHRWKHUQHXURIX]]\EDVHGTXDGFRSWHUFRQWUROV\VWHPV
DUHSUHVHQWHG LQ >@ >@ZRUNV7KLV VWUXFWXUH LW¶V D WZRGHJUHHVRI IUHHGRPV\VWHPDQG LV FRPSRVHGRI D SODVWLF
SURILOHZLWKDOLQHDUEHDULQJUXQQLQJRQDPHWHUVORQJKDUGHQHGVWHHOVKDIW7KHSODVWLFSURILOHKDVDWWDFKHGWZR
DUPVZLWKDEUXVKOHVVPRWRUZLWKSURSHOOHUVRQHDFKRIWKHP)LJ


)LJ3K\VLFDOVWUXFWXUH
7KHXOWUDVRQLFVHQVRULVXVHGWRGHWHUPLQHWKHDOWLWXGHRIWKHGHYLFHDQGWKHPDJQHWRPHWHUIRUWKHGHWHUPLQDWLRQ
RIWKHKRUL]RQWDORULHQWDWLRQ7KHPRYHVVLPXODWHGZLWKWKHGHYLFHDUHWKHFDVHVZKLFKRFFXUVZKHQDTXDGFRSWHULV
ODQGLQJ RU WDNLQJRII $ FRPPXQLFDWLRQ PRGXOH ZLWK UDGLR IUHTXHQF\ LV DWWDFKHG WR WKH V\VWHP ZKLFK VHQGV
PHDVXUHPHQWGDWDWRDQRWKHU)3*$ERDUG7KHGDWDUHFHLYHGLVSORWWHGE\WKH6\VWHP*HQHUDWRUSURJUDPUXQQLQJ
RQWKHVHFRQG)3*$ERDUG7KHUHLVDOVRDQ5&UHFHLYHURQWKHGHYLFHWKURXJKZKDWZHFDQJLYHUHIHUHQFHVLJQDOWR
WKHV\VWHP$OOWKHVHFRPSRQHQWVDUHFRQQHFWHGWRWKH=\ER6R&ERDUG
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
)LJ+DUGZDUHDUFKLWHFWXUH
2Q WKH )LJ  ZH FDQ VHH WKH LPSOHPHQWHG KDUGZDUH DUFKLWHFWXUH FRQWDLQLQJ WKH VHQVRU LQWHUIDFHV WKH
FRPPXQLFDWLRQPRGXOHVDQGWKHFRQWUROOHU,3FRUH7KH$1),6,3FRUHLVDPRGXOHGHYHORSHGLQ&ODQJXDJHDQG
V\QWKHWL]HGWR9+'/9+6,&+DUGZDUH'HVFULSWLRQ/DQJXDJHODQJXDJHXVLQJ;LOLQ[9LYDGR+/6WRRO7KLVLVD
UHODWLYHO\ QHZ WRRO WKDW DOORZV WR GHYHORS D KDUGZDUHPRGXOH RQ EHKDYLRUDO OHYHO 7KH DGYDQWDJHV DUH WKHPXFK
VKRUWHU GHVLJQ WLPH WKDQ LQ FDVHRI RWKHU WHFKQLTXHV WKH DYDLODELOLW\ RIPDQ\RSWLPL]LQJGLUHFWLYHV DQG WKH HDV\
LQWHUIDFH LPSOHPHQWDWLRQ RIIHUHG E\ WKH WRRO 7KH $1),6 FRQWUROOHU KDV D 6XJHQR PRGHO EDVHG VWUXFWXUH  >@
LPSOHPHQWHG DV D ILYH OD\HU DUWLILFLDO QHXUDO QHWZRUN ZKLFK KDV WZR LQSXWV DQG RQH RXWSXW )RU WKH SUHVHQWHG
DSSOLFDWLRQDUHXVHGILYHEHOOVKDSHGPHPEHUVKLSIXQFWLRQVRQHDFKRIWKHWZRLQSXWV7KH,3KDVDQ$;,LQWHUIDFH
WKURXJKZKLFKLW¶VFRQWUROOHGE\WKHSURFHVVRUDQGKDVD%5$0LQWHUIDFHWRFRQQHFWWRWKHPHPRU\FRQWDLQLQJWKH
SDUDPHWHUV$VZHFDQVHHRQWKH)LJWKH$1),6,3KDVDWWDFKHGDSRUWRIDGXDOSRUW%5$0EORFNDQGWKHRWKHU
SRUWLVFRQQHFWHGWRWKH$;,LQWHUFRQQHFWWKURXJKD%5$0FRQWUROOHU7KH%5$0PHPRU\FRQWDLQVWKHSDUDPHWHUV
RIWKH$1),6FRQWUROOHUZKLFKDUHWKHSDUDPHWHUVRIWKHPHPEHUVKLSIXQFWLRQVDQGWKHSTDQGUSDUDPHWHUVRIWKH
WKLUGOD\HU


)LJ7KHSODFLQJRIWKHSDUDPHWHUVLQWKH%5$0PHPRU\
7KHDEDQGFDUHWKHSDUDPHWHUVRIWKHEHOOVKDSHGPHPEHUVKLSIXQFWLRQVDVZHFDQVHHRQWKH)LJWKH
SDUDPHWHUV IRU WKH WZR LQSXWV DUH VWRUHG LQ WKHPHPRU\ FRQVHFXWLYHO\7KHST DQG U SDUDPHWHUV DUHXVHG LQ WKH
GHIIX]LILFDWLRQSKDVHDQGWKHVHDUHWKHWXQHDEOHSDUDPHWHUVRIWKLVV\VWHP
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ZKHUH[DQG[DUHWKHWZRLQSXWVRIWKHFRQWUROOHUZLMLVWKHZHLJKWFDOFXODWHGLQWKHSUHYLRXVOD\HU 
7KHFRQWUROOHUPRGXOHLVGHVLJQHGLQWKDWZD\WREHSRVVLEOHWKHLPSOHPHQWDWLRQRIPXOWLSOHFRQWUROOHUVZLWKD
VLQJOH ,3 FRUH E\ SODFLQJ PXOWLSOH SDUDPHWHU VHWV LQWR WKH %5$0 EORFN :LWK DQ LQSXW UHJLVWHU YDOXH FDQ EH
VSHFLILHGZKLFKRIWKHFRQWUROOHUVWREHXVHG)RUWKHFRQWUROOHUVWUXFWXUHSUHVHQWHGWKHUHDUHVWRUHGLQWKHPHPRU\
WZRSDUDPHWHUVHWVUHSUHVHQWLQJWKHSDUDPHWHUVRIWKHWZRFRQWUROOHUV7KHPHPEHUVKLSIXQFWLRQVDUHFRYHULQJWKH
>@ LQWHUYDOVR WKH LQSXWYDOXHVPXVWEHVFDOHGDFFRUGLQJ WR WKLV ,Q WKH7DEOHFDQEH VHHQ WKHSDUDPHWHU
YDOXHVVHWWRWKHPHPEHUVKLSIXQFWLRQV7KHSTDQGUWXQDEOHSDUDPHWHUVDUHLQLWLDOL]HGWR
7DEOH3DUDPHWHUVRIWKHPHPEHUVKLSIXQFWLRQV
D E F
  
  
  
  
  



)LJ7KHFRQWUROVWUXFWXUHRIWKHSK\VLFDOV\VWHP
7KH)LJLOOXVWUDWHVWKHORJLFDOFRQWUROVWUXFWXUHRIWKH'2)V\VWHP7KHLQSXWVRIWKHILUVWFRQWUROOHUDUHWKH
DOWLWXGH HUURU HK DQG WKH VSHHG Y 7KH LQSXWV RI WKH VHFRQG FRQWUROOHU LV WKH DQJOH HUURU HĮ DQG WKH DQJXODU
YHORFLW\Ȧ7KHFRQWUROVLJQDOVRIWKHPRWRUVDUHFDOFXODWHGZLWKWKHIROORZLQJIRUPXODV
ܯͳ ൌ ௖ܷ௧ ൅ ܷ௛ ൅ ܷఈ  
ܯʹ ൌ ௖ܷ௧ ൅ ܷ௛ െ ܷఈ  
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ZKHUH0DQG0DUHWKHGXW\F\FOHVRIWKHWZR3:0VLJQDOVFRQWUROOLQJWKHPRWRUV8FWLVWKHPD[LPXPYDOXH
WKDWGRHVQ¶WOLIWWKHGHYLFH8KLVWKHRXWSXWRIWKHILUVWFRQWUROOHUZKLFKFRQWUROVWKHDOWLWXGHDQG8ĮLVWKHRXWSXWRI
WKHVHFRQGFRQWUROOHUZKLFKFRQWUROVWKHDQJOH7KHDQJOHLVFDOFXODWHGIURPWKHPHDVXUHPHQWVRIWKHPDJQHWRPHWHU
ZLWKWKHIROORZLQJIRUPXOD
ߙ ൌ ܽݎܿݐ݃ʹሺܻ݉ܽ݃ǡܼ݉ܽ݃ሻ כ ଵ଼଴గ   
7UDLQLQJRIWKHSDUDPHWHUV
7KHWUDLQLQJDOJRULWKPLVH[HFXWHGE\WKHSURFHVVRUDQGH[HFXWHVDUHDOWLPHSDUDPHWHUDGDSWDWLRQ7KHSDUDPHWHU
VHWVDUHSODFHGLQWKH%5$0VWDUWLQJIURPWKHEDVHDGGUHVVRIWKHPHPRU\)RUWKHSDUDPHWHUWXQLQJWKH$1),6,3
FRUH LV UHWXUQLQJ WR WKHSURFHVVRU WKH LQGLFHVRI WKHDFWLYHPHPEHUVKLS IXQFWLRQVRQ WKH WZR LQSXW VSDFHVDQG WKH
ZHLJKW FRUUHVSRQGLQJ WR HDFK SDLU RI DFWLYH PHPEHUVKLS IXQFWLRQV 7KH LQGLFHV GHWHUPLQH WKH ORFDWLRQ LQ WKH
PHPRU\RIWKHSDUDPHWHUVWKDWPXVWEHDGDSWHG7KHSTDQGUSDUDPHWHUVDUHDGDSWHGZLWKWKHIROORZLQJJUDGLHQW
GHVFHQGEDVHGDOJRULWKP
݌ ൌ ݌ ൅ ߟ כ ݁ כ ݔଵ כ ݓഥ   
ݍ ൌ ݍ ൅ ߟ כ ݁ כ ݔଶ כ ݓഥ   
ݎ ൌ ݎ ൅ ߟ כ ݁ כ ݓഥ   
ZKHUHߟLVWKHWUDLQLQJFRHIILFLHQWHLVWKHHUURUFDOFXODWHGIURPWKHRXWSXWDQGWKHUHIHUHQFHYDOXH[DQG[DUH
WKHLQSXWVRIWKHFRQWUROOHUDQGݓഥ LVWKHQRUPDOL]HGZHLJKWFRUUHVSRQGLQJWRWKHXVHGPHPEHUVKLSIXQFWLRQLQGLFHV
7KHWUDLQLQJSURFHVVLVKLJKO\LQIOXHQFHGE\WKHYDOXHRIWKHWUDLQLQJFRHIILFLHQW

)LJ7UDLQLQJSURFHVVZLWKWRRKLJKWUDLQLQJFRHIILFLHQW
$FULWLFDOSDUDPHWHURIWKHWUDLQLQJLVWKHWUDLQLQJFRHIILFLHQW2QWKH)LJZHFDQVHHDPHDVXUHPHQWGXULQJWKH
WUDLQLQJSURFHVVZKHUHWKHYDOXHRIȘLVWRRKLJKDQGWKHSDUDPHWHUVRIWKHWKLUGOD\HUDUHFKDQJLQJWRRVXGGHQO\DQG
WKH V\VWHPEHJLQ WR RVFLOODWH2Q WKH ILUVW GLDJUDP LV SORWWHG WKH FRQWURO VLJQDO RI WKHPRWRUV DQG RQ WKH VHFRQG
GLDJUDP WKH PHDVXUHG DOWLWXGH DQG WKH UHIHUHQFH YDOXH 2Q WKH )LJ  ZH FDQ VHH D PHDVXUHPHQW ZLWK VPDOOHU
WUDLQLQJ FRHIILFLHQW DQGZH FDQ VHH WKDW WKH FRQWURO VLJQDO LV JURZLQJ VORZHU DQG WKH DOWLWXGH VWDELOL]HV QHDU WKH
UHIHUHQFHYDOXH
605 Tibor Tamas et al. /  Procedia Technology  22 ( 2016 )  600 – 605 

)LJ7UDLQLQJSURFHVVZLWKSURSHUWUDLQLQJFRHIILFLHQWYDOXH
&RQFOXVLRQV
:HKDYHSUHVHQWHGDSUDFWLFDODSSOLFDWLRQRIDQDGDSWLYHQHXURIX]]\FRQWUROOHU7KHFRQWUROOHU LV LPSOHPHQWHG
XVLQJWKHKLJKOHYHOV\QWKHVLVWHFKQLTXHDQGLW¶VLQWHJUDWHGLQWRDPLFURSURFHVVRUEDVHGDUFKLWHFWXUH7KHFRQWUROOHG
GHYLFHLVWZRGHJUHHVRIIUHHGRPV\VWHPZKLFKLVHTXLSSHGZLWKVHQVRUVIRUDOWLWXGHDQGRULHQWDWLRQGHWHUPLQDWLRQ
7KHSUHVHQWSURMHFW LVDEDVHSDUWRIDPRUHFRPSOH[DXWRQRPRXVTXDGFRSWHUGHYHORSLQJSURMHFW5HDVRQLQJIURP
WKHPHDVXUHPHQWZHFDQFRQFOXGH WKDW WKHGHYHORSHG$1),6FRQWUROOHUFRXOGEHD UHOLDEOH VROXWLRQ IRU UHDO WLPH
FRQWURORIQRQOLQHDUV\VWHPV
$FNQRZOHGJHPHQWV
7KH UHVHDUFK SUHVHQWHG LQ WKLV SDSHU ZDV VXSSRUWHG E\ WKH 6DSLHQWLD )RXQGDWLRQ ± ,QVWLWXWH IRU 6FLHQWLILF
5HVHDUFK
5HIHUHQFHV
>@ -DQJ-65³$GDSWLYH1HWZRUN%DVHG)X]]\,QIHUHQFH6\VWHPV´,(((7UDQVDFWLRQRQ6\VWHPV0DQDQG&\EHUQDWLFVSS
>@ (FKDQREH - GHO &DPSR , %DVWHUUHW[HD . 0DUWLQH] 09 'RFWRU ) ³$Q )3*$EDVHG PXOWLSURFHVVRUDUFKLWHFWXUH IRU LQWHOOLJHQW
HQYLURQPHQWV´0LFURSURFHVVRUVDQG0LFURV\VWHPVYROSS
>@ (OORXPL0.ULG00DVPRXGL'6³,PSOHPHQWDWLRQRI1HXUR)X]]\6\VWHPEDVHGLPDJHHGJHGHWHFWLRQ´3URFHHGLQJVRI,),3,(((
VW,QWHUQDWLRQDO&RQIHUHQFHRQ9HU\/DUJH6FDOH,QWHJUDWLRQ9/6,6R&
>@ &HUPDN33RNRUQ\0³7KH)X]]\1HXURGHYHORSPHQW V\VWHP)8=1(7´0HWKRGVDQG0RGHOV LQ$XWRPDWLRQDQG5RERWLFV 00$5
WK,QWHUQDWLRQDO&RQIHUHQFHRQSS
>@ GHO &DPSR , (FKQDREH - %RVTXH * 7DUHOD -0 ³+DUGZDUH6RIWZDUH ,PSOHPHQWDWLRQ RI DQ $GDSWLYH 1HXUR)X]]\ 6\VWHP´ ,(((
75$16$&7,21621)8==<6<67(06YROQRSS
>@ 5H]D]DGHK6$UGHVWDQL0$6DGHJKL36 ³2SWLPDO DWWLWXGH FRQWURO RI DTXDGURWRU8$9XVLQJ$GDSWLYH1HXUR)X]]\ ,QIHUHQFH6\VWHP
$1),6´&RQWURO,QVWUXPHQWDWLRQDQG$XWRPDWLRQ,&&,$UG,QWHUQDWLRQDO&RQIHUHQFHRQSS
>@ %KDWNKDQGH 3 +DYHQV 7& ³5HDO WLPH IX]]\ FRQWUROOHU IRU TXDGURWRU VWDELOLW\ FRQWURO´ )X]]\ 6\VWHPV )8==,(((  ,(((
,QWHUQDWLRQDO&RQIHUHQFHRQSS
>@ /X +& &KDQJ0+ 7VDL &+ ³$GDSWLYH VHOIFRQVWUXFWLQJ IX]]\ QHXUDO QHWZRUN FRQWUROOHU IRU KDUGZDUH LPSOHPHQWDWLRQ RI DQ LQYHUWHG
SHQGXOXPV\VWHP´$SSOLHG6RIW&RPSXWLQJ
